The role of loop ZA and Pro371 in the function of yeast Gcn5p bromodomain revealed through molecular dynamics and experiment.
Biological experiments were combined with molecular dynamics simulations to understand the importance of amino acidic residues present in the bromodomain of the yeast histone acetyltransferase Gcn5p. It was found that residue Pro371 plays an important role in the molecular recognition of the acetylated histone H4 tail by Gcn5p bromodomain. Crystallographic analysis of the complex showed that this residue does not directly interact with the histone substrate. It has been demonstrated that a double mutation Pro371Thr and Met372Ala in the Gcn5p bromodomain impairs chromatin remodeling activity. It is demonstrated here that, in this double mutant and in the fully deleted bromodomain strain, there is lower growth under amino acid deprivation conditions. By in vitro surface plasmon resonance (Biacore) experiments it is shown that the binding affinity of the double mutation to acetyl lysine 16 histone H4 peptide decreases. Molecular dynamics simulations were used to explain this loss in acetyl lysine-Gcn5p bromodomain affinity, in the double mutant. By comparing nanosecond molecular dynamics trajectories of the native as well as the single and doubly mutated bromodomain, it is concluded that the presence of Pro371 is important to the functionality of the Gcn5p bromodomain. In the simulation a point mutation involving this highly conserved residue induced an increase in the flexibility of the ZA loop, which in turn modulated the exposure of the binding pocket to the acetyl lysine. The combined double mutations (Pro371Thr-Met372Ala) not only markedly perturb the motion of the ZA loop but also destabilize the entire structure of the bromodomain.